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@) A process for producing finely divided particles of 11 t^B ammonium polyphosphM, 



(St) Finely divWed partWes II type ammonium 
polyphosphate (APP) are such that 80% by 
weight or more thereof have a partkde diameter 
of 10 iun or less. They are prepared by reacting 
ammonKim phosphate with PaO^, In equimolar 
quantity. In a NH3 gas atmosphere and at ele- 
vated temperature. 

In a first process the ammonkim phosphate 
and P20O6 are brought to a temperature of at 
least 25(fC, to melt them, and ammonia or an 
anrunoniating agent added thereto. 

In a second process, a first step is carried out 
under nitrogen in the absence of ammonia, a 
second step Includes feeding NH3 gas or a 
NHs-generating substence when hot. In an 
amount of 3 to 90% of the stotchiometncal 
quantity, and a third reaction step comprises 
adding NH3 gas In a quantity or more of the 
remainder of the stoichiometric quantity and 
ageing therewith, to crystallize the resulting II 
^ APP. 
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This Invention relates to finely divided particles of ammonium polyphosphate (APP) having a II type crys- 
talline structure, the partlde diameter of 80% by weight or more of the particles being 10 ^m or less, and the 
surface of the crystals being plain, and a process for producing the particles. 

More particulariy. the present invention relates to finely divided particles of APP which, when added or 
5 impregnated into the inside of polydefm resins, molded products or fibers, affbid products having a small reduc- 
tion In the mechanical characteristics of polyoleflns, molded products, fibers or the like, a reduced particle 
diameter and an increased specific surface area, and nevertheless having bleed resistance and flame latar- 
dancy similar to those of conventional products, and a process for producing the particles. 

10 2. Description of the Related Art 

It has been well known that APP Is obtained by heat-condensing a mixture consisting of a phosphate-con- 
taining substance and an ammonlating-condensing agent However, when conventional APP is added or Impre- 
gnated into polyolefin resins, molded products, fibers or the like, In order to impart flame retardanc^, the 
15 following disadvantageous problems are raised: 

1 . Unevenness of flame retardancy and reductton In the mechanical strengths, due to large partide diame- 
ter; 

2. reductfoh in the bleed resistance due to I type crystalline structure; 

3. reduction in the bleed resistance due to straining of the crystalline surface of APP, brought about by 
20 excess mechanical grinding; 

4. reduction in the bleed resistance due to insuffident viscosity of a suspension solutk>n of 5% APP in hot 

water, etc. . . 

For example, according to Japanese patent publication No. Sho 53-1 1 280. partides of APP having Partide 
diameters as large as 63 jim or less (average partide diameter 1 5 ^m) occupy 94% by weight of the total par- 
25 tides; thus, when the partides are mechanically ground In order to finely grind them, the crystalline surface is 
strained to thereby raise the disadvantages described above in Items 1 and 3. Further, according to Japanese 
Patent PuWteatten Nos. Sho 53-15478 and Sho 49-30356, the resulting APPs have I type crystalline structure. 

The object of the present invention is to provide finely dhflded partides of APP having solved the above- 
mentioned disadvantageous problems and a process for produdng the same. 
3to The present invention has the following constitutions (1) to (8): 

(1) Finely divided partides of synthesized ammonium polyphosphate (hereinafter abbreviated to APP) hav- 
ing a II type crystalline structure, 80% by weight or more of saki partk:les having a partlde diameter of 10 
^m or less. 

(2) Finely divided partides of APP according to Item (1). wherein a 5% aqueous solution of saki partides 
35 obtained by dissdving them in hot water at SO-^C has a viscosity of 500 centiposes or nrore. 

(3) In the process for produdng finely divided partides of APP by reacting ammonium phosphate witti phos- 
phorous anhydride, each In an equimolar quantity. In an antmonia gas atmosphere and at an elevated tem- 
perature. . . 1^. 

a process for produdng finely dhfided partides of APP as set forth In Item (1), <Jompnsing making 
40 the reaction temperature of the two raw materials 250*C or higher to thereby bring the materials into molten 

state, followed by adding to ttie resulting reactton material, ammonia gas or an ammonia-generating com- 
pound to tiiereby instantaneously feed ammonia and crystallize the resulting material. 

(4) A process for producing finely divWed partkdes of APP according to item (3), wherein saki ammonia- 
generating compound is a substance generating ammonia gas by heating urea, ammoniumcart)onate, or 

45 ammonium carbamate, mbctures of the foregoing or aqueous sdutions of ttie foregoing. 

(5) In ttie process for produdng finely divided partides of ammonium polyphosphate by reacting ammonium 
phosphate witti phosphorous anhydride, each in an equimdar quantity, in an armionia gas atmosphere 
and at an elevated temperature, 

a process for producing finely divWed partides of a II type ammonium polyphosphate, comprising 
a> a first reactton step of reacting tiie raw materials in a nitrogen gas abmosphere wHhout feeding 

ammonia gas, 

a second reaction step of feeding ammonia gas or an ammonia gas-generating substance when hot 
(referred to as ammoniating compound), In 30 to 80% of ttie stotehkMnetric quantity relative to polyam- 

monium hydrogen phosphate or polyammonium phosphate, and 

55 a third reaction step of adding ammonia gas in a quantity or more of ttie remainder of ttie stotchfomet- 

ric quantity and aging ttwewitti, to crystallize ttie resulting 11 type ammonium pdyphosphate. 

(6) A production process according to Item (5), wherein in said first reaction ^p of feeding no ammonia 
gas in nitrogen gas atmosphere, ttie reaction temperature Is kept at^SO* to aZO-C for tO minutes or longer. 
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(7) A production process according to Item (5). wherein in the second step of feeding ammonia or an 
ammonlating agent in 90% or less of the stoichiometric quantity, the time necessary for the feeding is made 
5 to 30 minutes. 

(8) A production process according to item (5), wherein In the third reaction step of adding ammonia gas 
5 and aging therewith, an atmospheric temperature of 240»C or higher is applied for 30 rrtinutes or longer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 shows X-ray diffraction patterns of I type and II type crystalline structures of ammonium polypho&- 
10 phate relative to the present invention. 

DETAiUED DESCRIPTION OF THE INVENTION 

The constitution and effectiveness of the present invention will be descril>ed t>elow. 

IS The finely divided particles of APP of the present invention are those having the growth of the crystals inhi- 

bited whBe maintaining the II type crystalline structure during the reaction process, and 80% by weight or more 
of the particles have a partide dianoeter of 10 ^m or less. The crystalline structure of APP includes I type and 
II type as shown in the accompanying drawing. Fig. 1 . These I type and II type structures have X-ray diffraction 
patterns of No. 220061 and Wo. 2200K described in JCPDS card, respectively. 

20 When the finely divided particles of APP of the present invention are produced by heating ammonium phos- 

phate and phosphorous anhydride (P2O6) each in a neariy equimdar quantity in an ammonia gas atnK>sph6re 
and at an elevated temperature, the particles are obtained through a first reaction step of forming the II type 
stnjcture, a second reaction step of fonming finely divided crystalline nuclei by means of ammonia gas or an 
ammonlating agent and a third reaction step of heat-aging and then cooling in an atmosphere of gaseous 

25 ammonia. The first reaction step for fomning the II type structure of the present invention is effected by heat- 
melting and agitating ammonium phosphate and phosphorous anhydride each In a neariy equimolar quanti^ 
in nitrogen gas atmosphere and at a temperature of 250*»C or higher, preferably at 270** to 320«C. The mdar 
ratio of ammonium phosphate to phosphorous anhydride is preferred to be neariy equin^ar. If it is not neariy 
equimolar, I type APP mbces in the resulting product Further, at a reaction temperature lower than 250«C and 

a) before the first step reaction step, there occur disadvantages that I type and other types APP are byproduced. 
and the viscosity of 5% hot water solution of the resulting material extraordinarily lowers. The term "neariy 
equimolar^ as used herein, means a ratio of 0.9&-1.01 md of P2O6 per mol of ammonium phosphate. 

The ammonia-generating compound (hereinafter abbreviated to ammonlating agent) referred to herein 
means substances generating ammonia gas by heating, such as urea, amnrwnium carbonate, ammonium car- 
ds bamate, etc. or mixtures of the foregoing or aqueous solutions of the foregoing. The second reaction step for 
fonning finely divided crystalline nudei by means of an ammonlating agent, of the present Invention, refere to 
a step of adding an ammonlating agent In a quantity capable of instantaneously feeding 30 to 90% by weight 
of stDlchlometrically necessary quantity of ammonia, with stirring or during kneading or under spraying, to a 
firet period molten reaction liquid obtained at the firat reaction step having formed a II type structure, to thereby 

40 . effect Instantaneous crystallization. If the quantity of the ammonlating agent is too large 

APPs are byproduced and the viscosity of 5% hot water solution lowera, while If It Is too small, APP having a 
particle diameter larger than that desired is obtained. The third reaction step of the present invention refere to 
a process of continuously subjecting granular powder obtained at the second reaction step, to agitation treat- 
ment at 250*»C, preferably at 270" to 320«C tar 1 to 10 hours, preferably 2 to 5 houre. 

45 The reaction originates in known reaction equations, but preparation of the finely divided partidas of II type 

APP of the present invention proceeds through the following two reaction steps: 
the first reaction step: initial period melting reaction 

(NH4)2HP04 + P2O6 -♦a/n {(NH4)2(3 Hi/jPOaln 

or 

so NH4H2PO4 * P2O6 ->3/nI(NH4)i/3 H2« POdn 

the second reaction step: middle period crystallizatton reaction 

3/nI(NH4)2o H|i3 POal„ + 1A2CO(NH3)2* 1/2H20->^3/n(NH4P03)n 

or 

3/nI(NH4)i/3 H20 POJn * CO<NH3)2 * H2O->3/n(NH4P03)„ 
55 wherein n < 10,000. 
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(Effectiveness of the Invention) 

The APP of the present Invention has a II type crystalline stnicture. a smooth crystalline surface and a small 
particle diameter (the crystals having 10 jun or less : 80% by weight or more): hence when It te incorporated 
into polyolefin resins, molded products, fibers, etc. It is densely dispersed therein to thereby hnprove the 
mechanical strength thereof. In addition, a II type APP prepared according to a known method and a «»nma-- 
cially avaBable II type APP (Exdit 422). each have a particle diameter of the paitidw of 63 pm or less : ^% 
and an average particle diameter of 15 pm. such particle diameters being far larger than those of «he APP of 
the present invention. Such APPs are provided with characteristics unable to be finely divided by mechanical 
grinding. Finely divided particles obtained by ultra-violent grinding, for example, grinding by means of tall mfll 
or the race over several hours, are split In the length direction of oystals. Injured on the oystalllne suifBce or 
lose smoothness to cause strain. , ^ ^ ■ ^ ^ 

The APP of the present invention has a II type ciystalline stnjcture and further has a smooth surf&ce stmo- 
ture: hence when It is Incorpioated into polyolefin resins, molded products, fibers, etc. and the resulting matena^ 
-IS exposed to a high temperature and high humidity atmosphere, dissdving-out of the incorporated APP onto 
the surface of the polyolefins. molded products, fibere. etc. Is notobsen/ed. The APP of the present invention 
is a high molecular weight substance having a molecular weight of about 3.000.000 

liquid exhibite a high viscosity. For example, ite 5% hot water solution exhibtts a viscosity of 100 to 10^ ops. 
Thus, the finely divided particles of APP of the present invention are suitably usable as a flame reterder fbr 
resins, fibere, paper-making, lacquor. paint, eto. Examples are described below. 

(Example) 

The raw materials usod therein and the evaluations of the physkal properties thereof are as follows: 
Raw materials: 

Ammonium phosphate:iindustrial monoammonium phosphate and diammonium phosphate made by Taihei 

Kagaku Kogyo Co.. Ltd. ^ ^ ^ ,tM 

Phosphorous anhydride: phosphorous anhydride (P^a) «^ by Rasa Kogyo Co., \M. 
Urea: granular urea made by Ube Kosan Co., Ltd. 
Ammonium cartwnate: first grade reagent 

Commercially avaBable II type APP: Exolll 422 made by H6chst Co.. Ltd. 

I type APP: product synthesized by Chlsso CorporatkMi. ^ on 

Polypropylene resin: ethylene-propylene block copolymer (ethylene content 8.S wL%, melt flow rate: 20 

^^°pSyettiytene resin: M680 ittade by Chlsso Conjoratton (melt in^ 

Ethylene-propylene rubber Japan Synthetic Rubber Co., Ltd. (EP 02P). 
Flame reterder. polymer of 2-piperadlnylene-4^norphollno-1 ,3,S-triazine. 

Measurement method of physical properties 

1) Particle diameter and particle size distributton: 

Instrument for partide size distribution based upon Stokes setHing equation as pnnaple. CAPA. 
500® made by Horiba Seisakusho Co.. Ltd. 

2) Viscosity of 5% sdutfon: jj- _i • - 

APP (5 g) was suspended in hot purified water (95 g) at 80«C. followed by agitating and dissolving 
the suspension while keeping it at the same temperature for S minutes and '^^^^^^^^'^T 
cosity of a portton of the resulting solution was measured using a viscometer, VISCONIC(EMD)® made 
by Tokyo Keiki Co.. Ltd. 

Measured by a high speed liquid chromatograph made by Waters Co., Ltd., using polyethylene 
glycol and polyethylene oxWe. each having an already known molecular weight, as a standard substance. 

4) Crystalline form: 

Accoiding to X-ray dHfraction method. 

5) Combustion properties: . .. ^ i _w. 

Tested according to iJL-94 (Underweritere Laboratories). According to UL-94. a vertical combustton 
test was employed, and the evaluation was dasslfied into V-2. V-l and V-0 depending upon fire retardancy. 



EP 0 494 778 A1 

As to the percentage of cotton ignition, a melt was dropped onto a surgical absortient wadding placed 30 
cm below the test piece, and It was wnfirmed whether the wadding ignited or not 
6) Bl66d tsst 

A test piece (1 00 mm long, 100 mm wide. 2 mm thick) was exposed In a theimo-hygrostat (80^. 
s 80% RH) for a definite period, followed by drying in a hot air drier at 80«C for 2 hours and allowing to stand 

In a desicator at room temperature overnight The resulting sample was subjected to measurement of the 
surface electric resistance value according to JIS K6911. The period since the time subjected to ttjetest 
till the time at which the reduction in the suif&ce electric resistance value was observed was regarded as 
the number of days during which bleed resistance was retained. 
10 7) bod Impact test (notched): 

Carried out according to JIS K71 1 0. 
8) Drop impact test according to Duponfs method: ^ . w . ..o 

Under conditions of using a test piece of 50x50x2 mm. employing a device shown in JIS K-S400- 
8 3.2 using a point of impact having a tip curvature radius of V4 inch and using a stand for bearing ttie 
,5 poirt of impact having an Inner diameter of V^ inch, and varying the load of the point of impact and the 
dropping height the test and evaluation were carried out 
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Example 1 

A mixture of (NH4)2HP04 (660 g. 5 mols) with PfieiJ-^O 9. 5 mols) was placed a totaHaipacity^ t ber^ 
kneader heated up to 290OC to SOO'C. while keeping a nitrogen gas atmosphere, foltowed by heating it wmi 
sS^ng. After 6 miSutes. the total quantity melted to fom> a melt at 286-0 To ^^'^^^ ll''"'^^ 
minutes gas sprayed 76.9% urea aqueous solution at 80-C (195 g. 5 mols in the form of byproduct NH,) for S 
minS. The reactton material solidified Instenteneously to fomi a granular powder, fol^ by ^j^Bfy 
2B rZecting the powder to heat-treatment with stirring in an ammonte gas atmosphere at 250» to ^7^^^ 
SZs to obtain powdery APP (1 .460 g). A portion of this product was observed by means of a scanning ete^ 
tronto microscope. As a resultit was single crystals having a parUde diameter of 4 to 10 jun and an aggregate 
ofsuch single artels. In order to separate this aggregate into single crystals, it was ';««hiy Sround by mea^ 
of a grind J (AP-B type, made by Hosokawa Micron Co.. Ud.) in an ammonia gas atmosphere. The phys»al 
30 properties Of the resulting product are shown in Table 1. 

Example 2 

Example 1 was repeated except that NH, gas was used as the atmosphere of the Initial period meWng rsao- 
35 lioh. The results are shown in Table 1. 

Example 3 

Example 1 was repeated except that NH3 gas was used at the time of the initial period melting reaction 
40 and the reaction was oairied out at 270» to 300-C. The results are shown In Tabte 1. 

Examples 4-6 

Example 1 was repeated except that the ammoniating agent added under spraying to the reaction liquid 
4S was of the following kinds and in the following quantities: 

Kind of ammoniating agent Its quantity 

„ Example 4 Ur«a ISO g 

Example 5 Ammonium carbonate 240 g 

Example 6 Orea . 75 g 

Ammonium carbonate 120 g 



The resuUs are shown In Table 1. 
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Comparative example 1 . 

A mixture of NH4H2PO4 (288 g, 2.5 mols) with CO(NH2)2 (150 g. 2.5 mols) was placjed in a total capacity 
5 f bench kneader heated up to 250*»C. while keeping an NH3 gas atmosphere, followed by heating it with stir- 
ring. After about one hour the reaction material afforded a granular product with accompaniment of generation 
of a large quantity of gas (CO2 and NH3). as shown in the foltowing equation (1): 

nNH4H2P04+nCO(NH2)2 -►(NH4P03)„ ♦ nCOa ♦ 2nNH» <1) 

The resulting material was roughly ground by means of a grinder in the same manner as in Example 1. 
The results are shown in Table 1 . 

Comparative exmaple 2 

A mixture of (NH4)2HP04 (860 g, 5 mds) with PjOs (710 g. 5 mols) was placed In a total capacity 5 f bench 
kneader heated up to 290« to 300*»C, whDe passing NH. gas therethrough at a rate of 1 12 f (5 mols) per hour, 
followed by heating It with stinring. After 5 minutes, the total quantity melted to form a viscous liquid, and after 
90 minutes, a powdery APP was obtained. In order to separate single crystals from the APR. they were ground 
by means of a grinder In the same manner as in Example 1. The results are shown in Table 1. 

Comparative example 3 

The product obtained in Comparative exmaple 2 had an average paitide diameter of 12.5 jim; thus, in order 
to obtain a particle diameter similar to that in Example 1. a 40% methanol slurry (750 g) of the APP was placed 
in a vibration ball mill (B-1 type, made by Chuoh Kakoki Co.. 1^.). followed by grinding it for 3 hours. A portion 
of the resulting material was observed by a scanning elecbx)nic microscope. As a result, the particle diameter 
was not reduced, it was split in the length direction, it was twisted or the 8nrK>othness of the <:rystalline surface 
was lost The physical properties of the product are shown in Table 1. 

Comparative example 4 

A commercially available 11 type APP (Exdit 422® made by HochstCo.. Ud.) was used as it was. 
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Example 7 and Comparative examples 5-8 
Example 7 

5 A crystalline ethyleneHiropylene block copolymer as a polypropylene resin (ethylene content 8.5% by 

weight, melt flow rate (quantity of molten resin extruded for 10 minutes when a load of 2.16 Kg was applied at 
230°C): 20 g/10 min. (70% by weight): an APP as component (C) prepared in Example 1 (20% by weighty 
polymer of 2-piperadinylene-4-morpholino-1 .3.5^riazine as component (D) (10% by weight); and as other addi- 
tives. 2.6-di-t-butyl-p^esol (0.15% by weight). di.myristyl-p.P'.thiodiproplonate <0.2% by weight) and calaum 

10 stearate (0.1% by weight), were placed in Cooking Mixer (tradename), followed by mixing them with sbmng for 
one minute. The resulting mbcture was extruded by means of Minlmax (tradename) at a melt-kneading tem- 
peratureof 210'C and pelletized. . 

Further, in Comparative example 5. Exolit® 422 made by H6chst Co.. Ltd. was used as APP as component 
(C)- in Comparative example 6. APP of I type crystalline fomi prepared in Comparative example 1 was used 

IS as APP as component (C): In Comparative example 7. the compound prepared inComparative example 3 was 
used; and in Comparative exmaple 8, 1WIF82/PP (tradename, made by MontefluosCa. Ltd.). as a oom^nenl 
(E) which was a mixhjre of Exolit® 422 as APP with component (D). was blended in 30 wt%. in place of com- 
ponents (C) and (D). and as to others, in the blending proportions according to Example 7. and using pdlels 
obtained in the respective Examples and Comparative exmaples. definite test pieces for bleed test were molded 

20 by means of a heat press molding machine having the highest press temperature set to 210<«. Measurement 
of bleed test was carried out using the test pieces. The results are shown in Table 2. 

Examples 

28 A ciystalline ethylene-propylene block copolymer (ethylene content 8.5 wL% and melt flow rate (quantity 
of molten resin extruded for 10 minutes under a load of 2.16 Kg at 230-C): 20 g/10 min.. as a polypropylene 
resin (50 wt%); an ethylene homopolymer (Chisso Polyethy® 1V1680 made by Chisso Corporation) (melt index 
(quantity of molten resin extruded for 10 min. underaload of 2.16 Kgat 190«C)): 6.5 g/10min. as a polyethytene 
resin, as a component (A) (10 wt%): an ethylene-propylene rul)ber (JSR BP® 02P. made by Japa" Synthete 

30 Rubber Co.. Ltd.) as an ethylenic synthetic rubber or elastomer, as a component (B) (10 wL%); APP prepared 
an Example 1. as a component (C) (21 wL%); a product obtained by grinding polymer of5-piperadlnylene-4. 
morphoiino.1.3.5-lria2ine as a component (D) by means of a conventional grinder (average partide diametw: 
4u) (8 wt.%); vinyltrimethoxysilane as a silane-coupling agent, as a component(F) (1 wL%); and as other addh 
eves. 2.6-di-t-butyl-p-cresol (0.15 wL%). dimyristyl-p.p'-thtodipropionate (0.2 wL%) and calcium ^^^^^ 

35 wL%) were placed In Henschel mixer (tradename), followed by mbcing them with stirring fbr 3 minutes, and mett- 
knead-extruding the mature by means of an extruder having a hole diameter of 45 mm at a melt-kneading tem- 
perature of 200<'C. to pelletlza L ^ . , 

The resulting pellets were dried at 1 00»C for 3 hours, followed by molding the pellets by means of an InjTO- 
tion molding machine having the highest temperature of the cylinder set to 220^. Into definilB test pieces for 

40 fire retardancy. Izot impact strength and Dupont impact strength. Using these test pieces, fire retardancy. Izot 
impact strength and Dupont impact strength were measured. The results are shown in Table 3. 

Example 9 

45 Stirring-mbcing. melt-knead-exlrusion. pelletization. molding and the respective measurements were ca^ 
ried out in the same manner as In Example 8 except that a product obtained in Example 4 was used as APP 
of component (C). The results are shown In Table 3. 
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Comparative examples 9 and 10 



in Comparative example 9. Exolit® 422 (made by H6ch8tCo.. Ltd.) was used as APP of component (C). 
and in Comparative example 10. MF82/PP (tradename, made by Monteflous Co., Ltd.) as a component (E). 
which was a mixhjre of Exolit® 422 as APP with component (D) was blended in 29 wL%. in place of components 
(C) and (D). and as to othere. in the blending proportions according to Example 8. the respective blending ccan- 
S5 ponents were placed m Henschel mfacer (tradename), followed by agitating-mbcing, melHcnead-extruding, ^ 
ietizing and molding as in Example 8. and subjecting the resulting pellets to the respective nwasurenients. The 
results are shown in Tatiie 3. 
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Table 2 





Component 
(C) 
wt.% 


Compo- 
nent 
(D) 
wt.% 


■ — r 

Compo- <: 
nent 

(E) 

wt.% 


:omponent 
«?) 
wt.% 


of bl€ed 

retention 
(day) 


Exeunple 7 


CI 2 0 


1 0 


0 


70 


2 1 


Comp.ex. 5 


C 2 2 0 


1 0 


O 


7 0 


2 1 


6 


C 3 2 0 


1 0 


0 


7 0 


3 


7 


C 4 2 0 


1 0 


0 


7 0 


3 


8 


0 


0 


3 0 


7 0 


2 1 



10 



15 



20 



30 



35 



40 



45 



Component (C) : 
CI: 
C2: 
C3 : 
C4: 

Component (D) : 
Component (E) : 



Component (G) ; 



conmonium polyphosphate 
compound prjepar^ed in Example 1 
Exoli^ 422 (made by Hochst Co., L^<i3 
compound prepare in Comparative exan^le 1 
compound prepared in Comparative exmaple 3 

polymer of 2-piperadinyLene-4-morpholino- 
1^3,5-tria2ine 

a mixture of Exoli^ 422 with polymer of 
2-piperadinylene-4-morpholino-lr 3 ^S-^riazine 
(made by MonteflcU^ Co., ttd.) 
ethylene-propylene block copolymer as 
polypropylene resin Methylene <:onten^: 
8.5 wt.%, melt flow rate: 20 g/lO min.) 



50 
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5 



10 



IS 



20 



25 



30 



3S 



40 



45 



50 



Dupont 
Impact 
strength 
(lO^C) 


81.0 
79.5 

33,5 
19,0 


Izod 
Impact 
strength 
Kg -cm/cm 


• . . . 

mm ^ «n 


Combustion 
property 

0.8 mm 


o o o o 


Compo- 
nent 
(G) 
wt.% 


o o o o 
mm mm 


Compo- 
nent 
(P) 
wt.% 




Compo- 
nent 
(E) 
wt.% 


o o o o\ 

CM 


Compo- 
nent 
(D) 
wt^% 


CO CO 00 o 


Component 
(C) 

wt.% 


CI 21 
C2 21 

C3 21 


Compo- 
nent 
(B) 
wt.% 


e o o o ' 


Compo- 
nent 
(A) 
wt.% 


o o o o 




Exam- 
ple 8 

" 9 

Comp. 
ex. 9 

" 10 



85 



10 



I 

• t 



10 



IS 



20 



25 



50 



35 



40 



45 



Component (A) 

Component: (B) 

Component (C) 
CI 
C2 
C3 

Component (D) 
Component (E) : 
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polyethylene resin, M680 made by Chisso 
Corporation (melt index: 6.5 g/10 min.) 
ethylene-propylene rubber, EP 02P made by 
Japan Synthetic Rubber Co., Lt^« 
ammonium polyphosphate 
APP prepared in Example 2 
APP prepared in Example 4 
Exolit® 422 made by H6chst<:o.^ iJtA. 
polymer of 2-piperadinylene-4-morpholino- 
1,3, S-triazine 

a mixture of Exoli^ 422 with polymer of 
2-piperadinylene-4-morpholino-l , 3 ,S-triaEine 
(MF82/PP made by MontefldUs Co., lAd.) 
vinyl trimethoxysilane 

ethylene-propylene block copolymer as 
polypropylene resin <e^ylene content: 
8.5 wt.%, melt flow rate: 20 g/10 mih.) 



Example 10 

A mixture of (NH4)2HP04 (660 g, 5 mots) with P2O5 (710 g, 5 mols) was placed in a total capacity 5 1 table 
kneader preheated to 290** - SOO^'C, while keeping a nitrogen gas atmosphere, followed by heating and agitat- 
ing. After 5 minutes, the total quantity melted to fonm a melt of 266*'C. 

This melt was kept at the same temperature and agitated. After lapse of 20 minutes, 76.9% (80%) of urea 
solution (97.5 g which corresponds to 50% of byproduced ammonia required stokshionr^trically) was added t>y 
spray over 7 minutes, followed by successively agitating and aging the mixture at ^250** to 270*'C for 2 hours, 
while feefing ammonia gas at a rate of 2 P/min., to obtain powdery APP (1.4S0 g) containing a small quantity 
of aggregates. In order to separate these aggregates into single crystals, the powder was roughly ground t>y 
means of a grinder (AP-B type made by Hosokawa Micron Co., Ud.). The physk:al characteristics of the resuR- 
Ing product are shown in Table 5. 

Examples 11 - 15 and Comparative examples 11-15 

Example 10 was repeated except that the retention time of melt of 286"^, and the quantity of 76.9% urea 
solutk)n added and the time required for the addition thereof shown in Table 4 were «mptoyed. The physical 
^aractertstics of the resulting products are shown In Tat>le S. 



Component (F ) 
Component ( G ) 
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Table 4 









Retention 
time of melt 
at 286*C 


76.9% Urea solution 








Added quantity 

(note 1) 


Time required 
for addition 


Exam- 
ple 


1 


1 


2 0 xaxn. 


1 7 6gr 


( 9 0 96) 


7min. 


y/ 


1 


2 


2 0// 


14 6// 


(75//) 


7 // 


// 


1 


3 


2 0// 


5 8. 5 // 


< 3 O // ) 


7 // 


jj 


1 


4 


10// 


9 7. 5 // 


(50//) 


7 // 


// 


1 


5 


2 4 0// 


9 7. 5 // 


(50//) 


7 // 


Comp. 
ex. 


. 1 


1 


O'-S // 


17 6// 


(90//) 


7 // 


)f 


1 


2 


2 0// 


19 6// 


(100//) 


7 // 


// 


1 


3 


2 0// 


4 8. 8 // 


(25//) 


7 // 


/; 


1 


4 


2 0// 


9 7. 5 // 


(50//) 


3 0 // 


// 


1 


5 


2 0 // 


9 7. 5 // 


( 5 0 // ) 


6 0 // 



Note 1: Quantity of byproduced ammonia required 
stichiometrically and its percentage. 
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Table S 



^^Physical 
proper'ties 

Exeunple 
No. 


Crystal- 
line 
form 

: 


Particle 

^vera9e 
diameter 


i diameter 
10 )im or 


Specific; 
surface \ 
area 


Smooth- 
ness 


Example 1 0 


n type 


6. S 


8 0 


0 . 7 5 


Smooth 


// 1 1 


n 


6. 4 


8 3 


O. 8 2 


Smooth 


u 12 


n 


6. 8 


8 2 


0.7 8 


Smooth 


1 3 


n 


8. 0 


7 S 


O. 70 


Smooth 


// 14 


n 


6.8 


8 1 


O. 7S 


Smooth 


// 15 


n 


6 . 8 


7 9 


O . 7 3 


Smooth 


-Gpmp.ex. \ \ 


n + I 


6. 5 


8 0 


1.08' 


Strained. 


1/ 1 2 


n 


6. S 


8 4 


1.10 


Strained 


// 13 


n 


10 . S 


45 

^ 


0 . 6 5 




Smooth 


14 


n 


1 1 


40 


O. 60 


Smooth 


tt 15 


n 


1 2 


3 5 


O. SO 


Smooth 



Example 16 and Compatative example 16 

As the polypropylene resin, a crystalline ethylene-propylene block copolymer^ethylene content 8.5 wt%, 
melt flow rate (quantity of molten resin extruded at 22(«:, under a load of Kg and over 10 minutes) of^ 
g/10 min (70 wL%), various APPs obtained in Examples 10-15 and Comparative examples 11-15^20 wt%), 
as the compound (N), 2-piperadynylene4-morpholino-1.3,5-triazine pdymerXIO wt%), and further as resin 
stabilizers, 

2,6-di-t-butyl-p-cresol O.IS wt:.%, 

di-milistyl-er6'-^hiodipropiona^e 0.20 ^lui 

calcium stearalie 0.10 

were placed InCookIng Mixer (tradename), followed by mixing them with stirring for one minute. meK4cneading 
the resulting mixture by means of MInimax (tradename), extruding the resulting material at 210«C into pellets, 
molding the respective pellets by means of a heat press molding machine having the press tenn>erature set to 
.210^, into definite test pieces for bleed test and subjecting the test pieces to bleed lest measurement The 

13 
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results are shcnvn in Table 6. 
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Table 6 



Kind of APP used 


Number o£ days of bleed resxstance 
retention 


in Example 10 


21 days 


Thai: in Example 11 


21 " 


Tha^ in Example 12 


21 " 


Tna^ xn £*xampxe 


zx 


That in Example 14 


21 " 


That: in Example IS 


21 


That in Complex. 11 


3 " 


That in Comp.ex. 12. 


3 " 


That in Comp.ex. 13 


21 " 


That in Comp.ex. 14 


21 


That in Comp.ex. 15 


21 " 



10 



15 



20 



26 



30 



Claims 
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40 



45 



1 . Finely divided particles of synthetic ammonium poiyphosphate (APP) having a ii type crystalline structure. 
80% by weight or more of said particles having a particle diameter of 10 ^ or less. 

2. Finely divided particles of APP according to dalm 1 . wherein a 5% aqueous solution of said particles 
obtained by dissolving them in hot water at 80^ has a viscosity of 500 centipose or more. 

3. A process for producing finely divided particles of APP as defined In daim 1 by reacting ammonium phos- 
phate with phosphorous anhydride, each in equimolar quantity, in an ammonia gas atmosphere and at 
elevated temperature, in which the reaction temperature is brought to 250*^0 or higher to thereby bring 
the materials into the molten state, followed by adding to the resulting reaction material, ammonia gas or 
an ammonia-generating compound to thereby feed ammonia and crystallize the resulting material. 

4* A process according to claim 3, wherein said ammonia-generating compound is urea. amnrK>nium cart>o- 
nate or ammonium carbamate, a mixture thereof or an aqueous solution thereof. 



5. A process for producing finely divided particles of 11 type ammonium polyphosphate by reacting ammonium 
50 phosphate with phosphorous anhydride, each in equimolar quantity, in an ammonia gas atmosphere and 

at an elevated temperature, which comprises: 

a first step of feeding ammonia gas or an ammonia gas-generating substance when hot (an 
ammoniating compound) in an amount of 30 to 90% of the stoichiometric quantity relative to polyann- 
monium hydrogen phosphate or polyammonium phosphate; and 
55 a third step of adding ammonia gas in a quantity or more of the remainder of the stoichiometalc quan- 

tity and ageing therewith, to crystallize the resulting II type ammonium polyphosphate. 

6. A process according to claim 5, wherein in said first reaction step, the reaction temperature is kept at250*^ 
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to 320^0 for 10 minutes or longer. 

A process according to claim 5 or daim 6, wherein in the second step, the ammonia or ammoniating agent 
is fed for a period of from 5 to 30 minutes. 

A process according to daim 5, wherein in the third reaction step, an atmospheric temperature of 240^ 
or higher is applied for 30 minutes or longer. 
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